One previously described and 1 new species of Nanotrema Paperna, 1969 are reported from the gills of Citharinus citharus citharus (Citharinidae) collected from the Niokolo Koba River, Senegal. Nanotrema citharini Paperna, 1969 is redescribed, based on the re-examination of the type specimens and new information obtained from material taken in Senegal (new locality record). Nanotrema niokoloensis sp. nov. is distinguished primarily by possessing a copulatory organ composed of a long thin tube with median portion usually coiled into about 2.5 rings and an accessory piece resembling a braid lying within the rings. Based on the presence of the dorsal anchors modified into paired haptoral spikes, which lack an associated bar, species of Nanotrema phenotypically appear to be related to those of Neotropical Rhinoxenus Kritsky, Boeger et Thatcher, 1988 and Indian Spicocleidus Agrawal, Tripathi et Shukla, 2005. 
Introduction
Characiformes represents one of the most diverse groups of freshwater fishes, with more than 1600 species distributed in Africa (4 families and 208 species) and the Neotropics (14 families and approximately 1460 species) (Lowe-McConnell 1975 , Winemiller 1996 . Khalil and Polling (1997) listed the following 5 genera of the Dactylogyridae (Monogenea) on African characiform fishes: Afrocleidodiscus Paperna, 1969 , Annulotrema Paperna et Thurston, 1969 , Characidotrema Paperna et Thurston, 1968 , Neodactylogyrus Price, 1938 (= Dactylogyrus Diesing, 1850 and Nanotrema Paperna, 1969 . Current evidence suggests that some Monogenea from African fishes have ancient evolutionary links to those of the Neotropics (Gussev 1976 , Kritsky and Kulo 1992 , Kritsky and Boeger 1995 . Kritsky et al. (1987) indicated that Characidotrema Paperna et Thurston, 1968 parasitising African characiform fishes and Jainus Mizelle, Kritsky et Crane, 1968 parasitising Neotropical characiforms, may be sister taxa based on common morphological features of the haptoral armament. A Neotropical-Ethiopian link might also be supported by the relationships of species of the Ethiopian Annulotrema and the Neotropical Annulotrematoides Kritsky et Boeger, 1995 , all parasites of characiform fishes (Kritsky and Boeger 1995) .
During a study of the gill parasites of characiform fishes in the Niokolo-Koba National Park, Senegal, one previously described and one new species of Nanotrema were collected from the moon fish, Citharinus citharus citharus (Citharinidae). Examination of the newly collected and type specimens of N. citharini revealed that a redescription of this species was necessary.
Materials and methods
Two adult specimens of Citharinus citharus citharus were collected, using seine nets or snares, from the Niokolo Koba River near Pont Suspendu (13°01.522΄N, 13°13.220΄W), *Corresponding author: musilova@sci.muni.cz Nanotrema niokoloensis sp. nov. and redescription of N. citharini from Senegal 15 Niokolo-Koba National Park, Senegal. Monogeneans were isolated from the gills with fine needles, put in a drop of water on a slide and covered by a cover-slip. Specimens used for drawing and measuring the hard structures (i.e., haptoral attachment components, vaginal armament and copulatory organ) were completely flattened under cover-slip pressure by blotting excess water with filter paper and fixed with a mixture of glycerine ammonium-picrate (GAP; Malmberg 1957) . Specimens used for measuring the soft parts (i.e., body and haptor) were fixed in the same way, except that they were not flattened. After morphometric analysis, the specimens fixed with GAP were dehydrated and mounted in Canada balsam as permanent mounts (Ergens 1969) .
Mounted specimens were studied, using an Olympus BX 50 microscope equipped with phase contrast optics, and drawings were made with the aid of a drawing attachment. Measurements were taken, using Digital Image Analysis (Version 4.0 for Windows 95/NT/98) and are given in micrometres with the means followed by the range and the number (n) of specimens measured in parentheses. The dimensions of the body and haptor were obtained from unflattened specimens as the greatest measurement in dorsoventral view. The scheme of measurement for the hard structures (i.e., haptoral attachment components and copulatory organ) is shown in Figure 1 . The numbering of hook pairs (in Roman numerals) follows that recommended by Mizelle (1936) .
Type and voucher specimens were deposited in the collections of the Muséum National d'Histoire Naturelle, Paris (MNHN) and the Royal Museum for Central Africa, Belgium (RMCA) as indicated in the respective descriptions. For comparative purposes, 5 syntypes (RMCA M.T. 35.587) of Nanotrema citharini Paperna, 1969 were examined.
Results
Dactylogyridae Bychowsky, 1933 Nanotrema Paperna, 1969 Nanotrema citharini Paperna, 1969 (Fig. 2) Type host and locality: Citharinus citharus, Volta Lake, Ghana.
Present record: Citharinus citharus citharus, Niokolo Koba River near Pont Suspendu (13°01.522΄N, 13°13.220΄W), Niokolo-Koba National Park, Senegal.
Site: Gills. Specimens studied: Five syntypes, RMCA M.T. 35.587; 10 flattened and 3 unflattened specimens in GAP from Citharinus citharus citharus, Senegal.
Redescription (measurements of Senegalese specimens are followed by measurements of Ghanaian syntypes in square brackets): Body length 258 (244-281; n = 3) [196 (186-202 Remarks: The type specimens of Nanotrema citharini were strongly flattened, which precluded information on their internal anatomy. Although the slide (RMCA M.T. 35.587) is labelled as "holotype" of N. citharini, 5 specimens were present on the slide and the holotype is not designated. Nonetheless, the sclerotised structures of all the available Ghanaian specimens are visible and it is apparent that our specimens from Citharinus citharus citharus collected in Senegal are conspecific with the Ghanaian specimens, though there are some discrepancies in the original description of N. citharini (see Discussion). Nanotrema niokoloensis sp. nov. (Fig. 3 Etymology: The specific name reflects the tributary of the Gambia River from which the species was collected.
Description: Body length 305 (297-315; n = 3); greatest width 79 (64-87; n = 3) usually near midlength. Haptor 62 (61-63; n = 3) long, 101 (99-102; n = 3) wide. Dorsal anchor needle-shaped, 41 (38-44; n = 10) long. Ventral anchor well developed, with elongate curved shaft imperceptibly joining Paperna, 1969 . A. Nanotrema citharini, based on types from Ghana (RMCA M.T. 35.587). B. Nanotrema citharini, based on voucher specimens from Senegal: va -ventral anchor; vb -ventral bar; da -dorsal anchor; I-VII -hook pairs; vg -vagina; co -copulatory organ point; total length 41 (38-44; n = 10); length to the notch 36 (35-38; n = 10); inner root length 12 (12-14; n = 10); outer root length 5 (4-5; n = 10); point with recurved tip, 10 (9-11; n = 10) long. Anchor filaments delicate, inconspicuous. Ventral bar usually straight; total length 27 (25-30; n = 10); total width 5 (5-6; n = 10); median width 4 (3-4; n = 10). = 22 (22-23) . Copulatory organ a long thin tube with median portion usually coiled into about 2.5 rings and distal 1/3 surrounded by muscular sheath (?); total (straight) length 70 (67-73; n = 3); curved length 250 (215-279; n = 5). Accessory piece consists of thread-like sclerites intertwined and resembling a braid; articulated to tube base and lying within rings, with terminal portion guiding distal end of narrow copulatory tube; total (straight) length 48 (42-51; n = 7). Vagina a long meandering tube with arrow-shaped proximal (?) opening, 193 (177-218; n = 7) long.
Fig. 2. Sclerotised structures of Nanotrema citharini
Remarks: Nanotrema niokoloensis sp. nov. is morphologically markedly distinct from the previously described species of the genus based on the morphology of the copulatory organ (copulatory tube is long and coiled in N. niokoloensis; short and straight in N. citharini), vagina (sclerotised, tubular in N. niokoloensis; non-sclerotised, pouch-shaped in N. citharini), and ventral anchors (like the anchors of Dogielius spp., with recurved tip of point and poorly demarcated shaft and point in N. niokoloensis; like the anchors of Dactylogyrus spp., with well demarcated shaft and point in N. citharini). Paperna (1969) proposed Nanotrema for N. citharini from the gills of Citharinus citharus collected in the Volta Lake, Ghana. He characterised the genus by species having a haptor armed with one pair of well developed anchors (with two distinguishable roots), simple bar, six pairs of hooks and one pair of large rod-shaped structures lying in a position usually occupied by a second pair of anchors. However, our examination of the type specimens of N. citharini confirmed the presence of seven not six pairs of hooks in the haptor. Paperna (1969) considered the question whether the rod-shaped structures represent modified hooks or modified anchors of the second pair. Our finding of 14 hooks with ancyrocephaline distribution (Mizelle 1936 ) and the mid-dorsal haptoral position of the rodshaped structures (spikes) supports the notion that the rodshaped structures are modified dorsal anchors.
Discussion
Based on the presence of the dorsal anchors modified into paired haptoral spikes, which lack an associated bar, species of Nanotrema resemble those of the Neotropical Rhinoxenus Kritsky, Boeger et Thatcher, 1988 and the Indian Spicocleidus Agrawal, Tripathi et Shukla, 2005 . However, all hitherto described species of Rhinoxenus (i.e., a total of eight species; Kritsky et al. 1988 , Domingues and Boeger 2005 have been collected from the nasal cavities of fishes belonging to four characiform families (Anostomidae, Characidae, Curimatidae, Prochilodonidae) limited to the Neotropical region, and the monotypic Spicocleidus has been proposed for dactylogyrids found on the gills of Chanda nama (Ambassidae, Perciformes) from India. Furthermore, Nanotrema markedly differs from the two above-mentioned genera by its species possessing haptoral hooks with the typical "ancyrocephaline" distribution described by Mizelle (1936) for dactylogyrids: pairs I and V ventral in the haptor, pairs II-IV ventral, and pairs VI and VII dorsal along the lateral haptoral margins. In species of Rhinoxenus and Spicocleidus hook pair II and hook pairs I-V, respectively, are moved from the haptor to lateral or ventrolateral lobes on the posterior part of the trunk (see Kritsky et al. 1988 , Domingues and Boeger 2005 , Agrawal et al. 2005 . Also, the base of the copulatory organ of Rhinoxenus spp. possesses two circular structures described by Domingues and Boeger (2005) as "tandem brims" (these are absent in Nanotrema spp.) and the accessory piece is unarticulated to the base of the copulatory organ in Spicocleidus namae (vs articulated in Nanotrema spp.). Unfortunately, the collection technique precluded an examination of the soft internal structures of the available specimens of Nanotrema. Hence comparison between the species of Nanotrema and those of the two above-mentioned genera was limited to the hard sclerotised structures. Additional collections of Nanotrema citharini and other species of this genus will therefore be required to provide a more accurate diagnosis for Nanotrema.
Although Nanotrema, Rhinoxenus and Spicocleidus appear phenotypically to be related, the phylogenetic relationship among these genera has to be evaluated with care. The modification of the dorsal anchors into paired haptoral spikes and the absence of the dorsal bar may represent secondary modifications which occurred independently in the ancestors of these genera. Because members of Nanotrema occur naturally on fishes of Citharinidae (Characiformes) and Spicocleidus namae parasitises the gills of amabassid fishes (Perciformes), it is likely that these taxa represent ecomorphs whose morphological resemblances have resulted from convergence owing to the tracking of similar ecological resources. On the other hand, species of Rhinoxenus possess host preferences suggesting that they may share a common ancestor with species of Nanotrema. Both genera are characterised by species with two dorsal haptoral spikes, and while restricted to their respective biogeographical regions and sites of parasitism, species of Rhinoxenus and Nanotrema are parasites of characiform fishes.
